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INTRODUCTION 


The  stuid^y  of  the  phTSical  and  chemical  propeidvies  of  fluoro- 
oarbon  conpotmde  is  a imt  and  rapidly  expandixig  field  of  chemistTy* 
As  such,  it  seems  appropriate  to  otxbline  briefly  the  maimer  in  idiieh 
this  field  evolved* 


Early  History 

Prom  the  time  Moissan  ^ first  isolated  and  identified 
fluorine,  it  Tras  discovered  that  its  reaction  Tilth  carbon  produced  a 
violent  explosion.  This  reaction  iias,  and  still  is,  used  as  a demon- 
straticai  of  the  hl^  reactivity  of  fluorine  j and,  until  1926,  was 
considered  nothing  more  than  a labwatory  curosity.  In  that  year 
Lebeau  and  Damiens  isolated  and  identified  methforane  f^om  that 
reaction.  In  1930,  Ruff  and  Keim  Isolated  ethforane  from  the  same 
reaction.  In  I93h,  Swarts  identified  ethforane  as  a product  ftrom 
the  electrolysis  of  trifluoroacetic  acid.  Other  investigators 
duxlng  this  period  identified  ethforane  as  a piroduct  from  a mixture  of 
methfoz<ane  aiul  monoflxiox'odichloz'tmiethane  in  .the  presence  of  an  elec- 
tric arc.  Ethforene  was  also  first  isolated  from  this  reaction. 

The  violent  reaction  between  fluorine  and  cazhon  was  finally 
tamed  when  Simons  and  ELock  discovered  that  mercury  or  mercury 
salts  catalyzed  the  reaction,  eliminating  its  explosive  character. 
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Rroea  their  Tiork  the  first  series  of  fluorocarbons  were  prepaired  and 
identified}  the  properties  of  idiich  were  ccanpletely  unanticipated. 

It  was  inmediately  evident  that  the  foundation  for  a whole  new  field 
of  ehendstzy  had  been  established. 

Because  of  ceartain  desirable  properties,  the  fltiorocarbons 
were  in  demand  during  ^brld  War  II}  and,  duiring  the  search  for  sviit- 
able  means  by  which  to  prepare  them,  several  processes  were  developad. 
The  two  major  ones  were  the  metallic  fluoiride  process  and  the  cata- 
lytic fluorination  process.  The  former  utilizes  the  reaction  of  a 
metallic  fluoride,  such  as  cobalt  trifluoride,  with  an  organic  cotnr 
pxiund.  The  latter  eisplo3rB  a metal  catalyst  such  as  silver  or  cop^r 
for  the  reaction  of  an  organic  coE?x>und  with  fluorine  gas  diluted 
with  nitrogen.  Also  during  this  time,  still  another  method  was 
invented  by  Simons  the  announcement  of  idiich  apjpjeared  in  I9I49. 

This  was  the  electrochoaical  process.  By  this  method  fluorocarbon 
con^unds  are  prepared  by  pjassing  an  eleotzd.c  current  througii  a 
hydrogen  fluoride  solution  of  an  organic  compound.  This  process  is 
by  far  the  most  versatile  method  of  obtaiixLng  fluorocarbon  compx>unds. 

Fundamental  Aspects  of  Fluorocarbon  Chendatry 

The  utilization  of  fluorocarbon  compounds  in  fundamental 
research  offers  many  opportunities  in  both  theoretical  and  experi- 
mental chemistry.  From  the  very  beginning,  investigations  revealed 
the  unusual  physical  properties  of  fluorocarbon  liquids.  Valties  for 
viscosity,  sirface  tension,  refractive  index,  verdet  constants,  the 
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velocity  of  sotind,  and  rmay  other  i^ysioal  constants  are  very  low  as 
oonpared  to  those  of  organic  liquids#  Some  of  Idiese  physical  constants 
are  the  lowest  ever  recorded  for  liquids#  It  is  almost  certain  that 
further  studies  of  these  and  other  phsrsical  properties  will  greatly 
stq^lement  our  knowledge  of  the  liquid  state  and  other  related  problems 
in  idysies  and  ohamistry# 

The  chemical  properties  of  fluorocarton  canpounds  wore  as 
surprisingly  different  from  those  expected  as  were  their  physical 
properties#  The  chemical  properties,  of  cotcrse,  were  assumed  on  the 
basis  of  analogy  with  organic  chemicals#  For  exarg>le|  fluorocarbon 
nitrides  and  oxides,  which  have  respectively  a carbon-nitrogen  and 
carbon-oxygen  skeletal  arrangement  equivalent  to  organic  amines  and 
eihers,  sre  vastly  different  in  chemical  properties#  Acetforaraide 
does  not  undergo  the  Ilolinann  hypohalide  rearrangemantl  rather,  the 
two  methforyl  radicals  coviple  to  give  ethforane#^ 

Cn  the  other  hand,  aom  fluorocarbon  conpounds  undergo  many 

reactions  found  in  organic  chemistry#  For  example,  trifluoroacetic 
" # 

acid,  which  was  perhaps  the  first  fluorocarbon  con^jound  prepaared 
and  other  fluorocarbon  carboxylic  acids  can  be  esterified  wildi 
organic  alcohols,  the  esters  react  with  aimienia  to  give  fluorocarbtm 
amides,  and  the  amides  can  bo  delydrated  with  phosphorous  pent<Md.de 
to  yield  fluorocaibon  nitriles# 

It  is  understandable  then  that  without  experimental  evidence 
the  empirical  rules  of  organized  organic  chemistry  are  quite  usnreli— 
able  when  applied  to  fluorocarbon  compounds#  This  follows  almost  as 
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a necessity  i»hen  it  is  considered  that  the  rules  of  organic  cheraical 
reactions  are  the  resxilt  of  the  organization  of  a tremendous  amount 
of  experimental  data}  and  further^  that  these  data  are  essentially 
classified  according  to  the  properties  of  various  functional  groups. 
The  fact  that  the  properties  of  these  functional  grotipe  are  practi- 
cally independent  of  the  organic  radical  to  ahich  they  are  attached 
has  obscured  the  distinction  betaeen  the  properties  of  a functional 
group  and  an  organic  cos^und  containing  that  groi^.  Only  sreeently, 

D 

by  -aojicers  sxieh  as  Hammstt  have  attezcpts  been  made  to  determine 
* quanbatively  the  influence  of  an  organic  radical  on  a functional 
group. 

Ch  the  otlwr  hand,  the  effect  of  a fluorocarbon  radical  on  a 
functional  group  is  vastly  different  from  that  of  an  organic  radical. 
This  necessitates  the  accumulation  of  a great  deal  of  experimental 
data,  out  of  ehich  iriLll  come  the  organized  rules  applicable  to  fluoro- 
carbon conqxrunds . 

Up  to  noir,  experimental  evidence  indicates  that  there  trill  be 
a certain  amount  of  similarity  in  the  chmnical  properties  of  both 
(XPganic  and  fluorocarbon  compounds.  But  tor  the  most  part,  the 
cheraical  behavior  of  the  latter  is  that  of  a separate  and  distinct 
order  of  chemleal  compormds.  It  will  remain  for  future  ezperlmenbal 
results  to  deteiroine  the  extent  of  the  similarities  and  diffesrences. 

It  is  with  this  in  mind  that  the  present  work  is  submitted, 
in  the  hope  that  the  experinental  sresults  presented  will  contribute 
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to  the  organization  and  tmderstanding  of  the  cheniical  properties  of 
fluorocarbon  compounds. 

Fluorocarbon  Carboatylio  Acids 

Until  recently  the  only  fluorocarbon  carboxylic  acid  obtained 
in  quantity  iras  acetforic  acid^  prepared  by  the  foUoning  series  of 
lections  t 

C6H5CCI3-— ^ N02-C6Hj^-CP3 ► 

NH2-C5HjjCF3  ► GF3COOH  . 

The  final  step  involves  the  oxidation  of  the  meta  amdno  oonpound  by 
prolonged  reflux  sith  chroodo  acid.  This  method  is  long  and  tedious, 
but  the  yields  are  good  for  each  step.  This  method  tras  not  used  for 
the  preparation  of  higher  hoinologs  because  the  alkforyl  benzenes 
■were  not  known. 

Other  methods  by  which  the  acids  can  be  prepared  are  as 

follovrst 

2 

(a)  The  hydrolysis  of  CP3CCI3  with  concentrated  sulfuric 
acid,  catalyzed  by  mercuric  sulfate,  and  the  hydrolywis  of  compounds 
stich  as  CF3CH2®**  or  CF3CH2CI,  preferably  by  potassium  acetate, 
followed  by  oxidation  of  the  alcohols. 

(b)  The  simultaneous  oxidation  and  hydrolysis  of  olefins 
containing  an  alkfcayl  gro\q>, 

3CF3  - CCl  - CClg  + + IhKOH *- 

3CF3CCyC  + hMNO^  + 3K2COJ  + THgO  + 9KC1 . 
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By  the  use  of  eymmetrical  olefins  such  as  CF^-CGl-CCl'-CFj^,  a less 
expensive  product  Is  obtained.  This  procedure  can  also  be  used  for 
the  preparation  of  dicarboxylle  acids.  Malonforio  acid  , for 
example^  can  be  obtained  from  CH2"CH'-CF2-CH»CH2.  Also,  glxrtarforic 
acid  ^ can  be  prepared  trcm  hexafluorodichlorocyclopentene  in  a 
similar  manner. 

(c)  The  hydrolysis  of  a triazide.  The  steps  for  this 
method  can  be  described  as  foUcnrst 

SbP^ 

AIC3  SbCli 

CCI3CN ^ (CCa.3CN)3 ► 

^ ' s 

N N 

C5F-- C C-  CP,  ■■■■».  3CF,C0CR 

3 3 3 

This  method  is  currently  erployed  as  a limited  industrial  process. 

However,  the  most  promising  general  method  of  obtaining 
fluorocarton  carboo^llc  acids  is  by  the  electrochendcal  process. 

At  present,  this  method  is  tl»  most  satisfactory  (Xie  available  for 
the  coMmercial  preparation  of  fluorocarbon  carboxylic  acids. 

Althou^  -Uieir  production  is  not  on  idiat  could  be  considered  a large 
scale,  there  is  an  increasing  demand  for  these  compounds,  and  'Uiis 
demand  will  eventually  give  rise  to  greater  availability. 
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The  phTslcal  and  chemical  properties  of  the  fluorocarbon 
acids  differ  ftrom  their  organic  analogues  in  mangr  respects.  An 
excellent  sunsaary  of  some  of  their  fundamental  properties  is  pre- 
sented in  the  book^  ”FlTiorine  Chemistiy”,  and  in  various  techndLoal 
20 

buUetimi  distributed  b7  the  Minnesota  Mirring  and  Manufactindng 
Corapai^.  In  contrasting  the  behavior  of  fluorocarbon  acids  with 
that  of  organic  acids,  it  is  of  particular  interest  to  note  such 
properties,  low  boiling  points,  very  strong  acidity,  and  the  exc^ 
tional  stability  of  the  fluorine  atoms  to  l^Tdrolysls. 

The  carboo^lie  acid  grot?)  in  fluorocarbwi  acids  has  been 
found  to  form  esters,  acid  halides,  amides,  anilides,  an]hydrides, 
aldehydes,  etc,  conventional  methods  of  preparation.  However, 
there  are  many  prt^rties  of  the  acid  group  that  differ  from  the 
organic  compounds.  For  exan^e,  the  thermal  deccmposition  of  sodium 
acetforate  gives  the  anhydride,  acid  fluoride,  and  prodtcts  of  com- 
plete decoB^josltion  rather  than  fluoiroform.  Other  sodium  salts 
of  this  series  undergo  the  following  reactioni 

R-CF2-CF2COONa  R-CFWCF2  +C0^  + NsJ* . 

It  is  expected  that  further  investigation  of  the  properties  of  tl»se 
coB^unds  will  reveal  many  other  properties,  the  analogy  of  which 
will  not  be  found  in  organic  chemistiy.  This  has  been  dawsnstrated 

I? 

by  Crawford.  ^ 
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Flttorooarbon  Carboxylic  Acid  Chlorides 
Fluorocarbon  carboo^lic  acid  chlorides  can  be  prepared  from 
the  acid  by  all  of  the  conventional  methods  of  organic  chemistry. 

Two  methods  of  interest  can  be  described  by  the  following  equations i 

(1)  (CF3C0^)Ba  PCI3  — ► CP3COCI 

(2) ^  C6H3C0C1+CF3C0QH ► CF3COCI+ C^H^COOH. 

The  first  method  gave  yields  of  53  P®r  cent}  the  second,  79  per  cent. 
However,  Simons,  Black,  and  Clark  report  yields  as  high  as  95 
per  cent  by  using  j^oi^orous  pentachloride  with  the  pure  acid. 

The  idiyslcal  paroperties  of  the  Huorooaxbon  acid  chlorides 
differ  from  their  organic  analogues  in  the  direction  as  was  prervl- 
ous3y  mentioned  for  other  fluorocarbon  coopounds.  Perhaps  the  most 
striking  difference  is  in  boiling  points.  Aeetforyl  chloride,  for 
example,  has  a boiling  point  at  -27®C.}  acetyl  chloride  boils  at 
52®C,  This  difference  can  probably  be  attributed  to  the  presence  of 
hydrogen  in  the  organic  cooqpound.  However,  no  experiments  have  been 
reported  with  these  compoimds  to  support  this. 

Some  of  the  chemical  paroperties  of  the  fluorocarbon  acid 
chlorides  can  be  expressed  by  the  following  equations  t 

on 

(1)  CF3COCI  + HI CF3COI  HCl 

(2)  ^ CF3COCI  + Nal^  »-  CFjCCH^  CF3NCO 

(3)  ^ CF3COCI  + (C^^)2Cd CF3COC5H3 
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/I  \ 35  AlCX^ 

(U)  CPjCOCl  CgH^  - . 4-  CF3C0C5P^ 

(^)  ^*39  CP^COCI  + CP3CH2OH  . 

It  can  be  seen  that  their  chemical  behavior  is  in  manor  cases 
similar  to  that  of  analogous  organic  conpounds*  But  it  must  be 
mentioned  that  idien  comparing  a particular  reaction  involving  eildier 
a fluorocaitKsn  or  organic  coD^xnmd,  many  differences  appear  in  the 
properties  of  the  products. 

Statement  of  the  ftroblem 

Because  of  the  significant  differences  betireen  the  chemical 
behavior  of  fluorocazton  ccoQ^ounds  and  analogous  organic  compounds, 
it  was  desired  to  prepare  some  previously  tmreported  flxiorocarbon 
oonpoxinds  and  compare  or  contrast  their  physical  aikl  chemical 
behavior  with  organic  ccmQ)ounds  obtained  by  a similar  reaction. 

For  this,  several  irather  obscure  and  ccaitroversial  types  of  com- 
pounds were  selected.  It  was  hoped  that  the  results  obtained  would 
contribute  to  the  resolTztion  of  these  controversies.  Ihe  types  of 
conpounds  investigated  can  be  outlined  as  follows t 

1.  A studjr  of  some  of  the  physical  and  chemical  properties 
of  the  products  obtained  from  the  reaction  of  fluorocarbon  cax*- 
boxylic  acid  chlorides  with  silver  cyanide  and  silver  thlocjmnate. 
Included  are  the  Infrared  absorption  data  of  tlwse  ccsspounds  and 
the  absorption  data  of  organic  compounds  obtained  by  an  analogous 
reaction. 
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2.  The  preparation  of  mercury  deriTatlTes  of  fluorocarbon 

amides. 

3«  The  preparation  of  ~liydroKyalkf orylaalonamidee » 

Znoluded  for  these  oonQX>tmds  are  their  sodium  salts^  mercury  deriva- 
tives, and  sodium  salts  of  the  mercury  derivatives. 


EXFSlRIlffiairAl  PROCEDURES 


Fluorocairbon  cartioxyllc  acids—The  flitorocarbon  mono- 
carboxTUc  acids  tosed  in  these  experiments  were  obtained  firaa  the 
Minnesota  Mining  and  Ifanufacticring  Comparer,  They  were  purified  by 
distillation  from  an  equal  vol\m»  of  concentrated  sulfuidc  acid  and 
fractionated  by  a colurm  of  aj^xroximately  fifty  plates.  The  pure 
acids  were  collected  in  glass  vials,  sealed,  and  stored  until  used. 

(SLntarforic  acid— Ihis  acid  was  prepared  by  the  alicAiinn 
permanganate  oxidation  of  hexafluorodichlorocyclopentene  according 
to  the  procedure  of  Henne  and  ZisBoerschield  7 The  ptcre  acid  was 
collected  in  glass  vials  and  then  sealed. 

Fluorocarbon  carboxylic  acid  chlorides— The  acid  chlorides 
were  prepared  by  the  addition  of  the  fluorocarbon  acid  to  1,? 
equivalent  of  phosphorous  pentachloride.  The  first  two  laenijers  of 
the  sexles  were  distilled  from  the  reaction  mixture,  collected  in 
a trap  cooled  by  dry  ice  acetone,  and  transferred  to  either  a 
reaction  vessel  or  to  a storage  bulb.  Further  purification  was 
found  unnecessary.  Other  raenfcers  of  the  series  were  fractionated 
directly  Item  the  reaction  mixture  by  a column  of  approximately 
fifty  plates. 

GLutarforyl  chloride — rubber  stopper  was  placed  on  the 
neck  of  a sealed  glass  vial  containing  2?  g,  (0.11  mole)  of 
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glirfcarforic  acid.  The  tip  of  the  vial  it&a  broken  and  the  stopper 
inserted  into  one  neck  of  a 500  3b1,  three-neck  flask,  equipped  idth 
a stirrer  and  reflux  condenser,  and  containing  52  g,  (0,25  mole)  of 
phosi^iorous  pentachloride.  By  heating  the  vial  sith  a gmaii  flame, 
the  acid  melted  and  sloirty  dropped  into  the  reaction  flask.  After 
the  addition  of  the  acid,  the  mixture  was  refluxed  with  stirring  for 
thirty  minutes.  The  mixture  was  t*on  fractionated.  The  yield  of 
colorless  liquid,  b.p.  7$-6°C.,  was  16.6  g.  (0.06  mole). 

AnaHysis—Since  this  COTpoxmd  hydrolyses  sreadily  in  water, 
the  silver  chloride  giravimetric  analysis  was  used  on  the  aqueous 
soltition. 

Calculated  for  C^F^O^Cl^  i Cl,  25.63^ 

Foundi  Cl,  25.56^ 

Fluorocarbon  Carboxylic  Acid  Cyanide  Dimers 

All  of  'Uiese  ccc^unds  imre  prepared  by  the  same  method. 

The  only  difference  among  the  preparations  was  the  reaction  time, 
which  ranged  from  Idiree  dacys  for  the  first  member  to  three  weeks 
for  the  last  mendaer.  The  compounds  are  stomnariaed  in  Table  I. 

The  fiirst  mejiSjer  of  the  series  will  seirve  as  an  exaii^)le  of 
their  preparation. 

Trifluoroacetyl  cyanide  dimer — ^Approximately  0.05  mole  of 
trifluoroacetyl  chloride  was  transferred  to  a heavy-wall  glass  vial 
containing  10.7  g.  (0.08  sK>le)  of  dry  silver  cyanide.  The  vial  was 
sealed  and  placed  in  a water  batti  for  three  days  with  the  tenqjerature 
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maintained  at  80-95®C,  The  vial  was  cooled  in  liqtiid  air,  opened 
and  attached  to  a vacnum  manifold  ssrstem  and  the  liqxiid  contents 
transferred  to  another  vial.  The  second  vial  was  then  removed  from. 
the  manifold  system  and  the  contents  transferred  to  a small  frac- 
tionating apparatus,  avoiding  as  much  as  possible  contact  with 
atmospheric  moisture.  The  product  was  then  fractionated.  The  yield 
of  colorless,  mobile  liquid,  b.p.  83-4t°C,,  was  g.  (0.(Mi  mole). 

Analysis— Since  this  compound  hyxlrolyaes  jreadily  in  water, 
advantage  was  taken  of  this  by  using  the  silver  cyanide  gravimetric 
analysis  method  on  the  hydrolysed  solution. 

Vapor  density — The  molecular  weight  in  the  vapor  was  calcu- 
lated by  measrareiimnts  of  the  vapor  density.  This  was  done  by  wei^r- 
ing  a known  volume  of  the  gas  at  a known  ten5)eratTne  and  pressure. 

A bulb  of  measured  volume  carrying  a stc^ock  and  ground  joint  was 
attached  to  a vacuum  system,  exhausted,  and  filled  with  the  vapor 
\mder  investigation  at  a measured  pressure  and  tenperature.  The 
bulb  was  then  removed  and  weighed.  The  results  are  indicated  in 
Table  I.  Table  H shows  the  molecular  wei^t  of  the  Bwthforyl  coa- 
pound  at  constant  temperature  with  varying  pressure. 

Reaction  with  excess  water— A small  glass  vial,  sealed  and 
containing  h»73  g«  (0,02  mole)  of  trifluoaroacetyl  ^ranide  dimer  was 
placed  in  a 12^  ml,  Erleranoyer  flask  containing  25  ml.  of  cold 
distilled  water,  stoppered,  and  Immersed  in  an  ice  bath.  The  vial 
was  brdcen  by  the  action  of  a magnetic  stirrer,  and  the  reaction 
was  complete  in  about  ten  minutes.  Itydrogen  cyanide  was  removed 
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l?y  fractionation.  The  remalnlnc  soltrtion  iras  titrated  ifith  standard 
sodltm  hydroxide  \ising  phenop^thalein  indicator.  The  results  indi- 
cated two  eq^valents  of  trifluoroacetic  acid  for  each  equivalent 
of  the  acid  cyanide  compound. 

Cb  another  san^ile,  trifluoroacetic  acid  iras  identified  after 
reuKJfving  the  hydrogen  cyanide  by  extracting  the  solution  “with  other, 
removing  the  ether,  and  frtictionatlng  the  residue  from  an  equal 
volisne  of  sulfuric  acid. 

Reaction  irith  an  equivalent  amount  of  aater — By  -ttie  same 
method  as  enployBd  above,  5.92  g.  (0,02  mole)  of  trifliioiroaeetyl 
cyanide  dimer  aas  mixod  with  0.35  ml.  (0,02  mole)  of  cold  distilled 
eater.  "When  the  reaction  aas  complete,  the  mixture  iras  carefully 
fractionated.  The  only  products  obtained  iiere  hsrdrogen  cyanide  and 
trifluoroacetic  anhydride. 

Reaction  aith  excess  alcohol— The  above  procedure  aas 
employed  for  the  reaction  of  triflxjoiroacetyi  cyanide  and  n-bubyl 
alcohol.  The  products  obtained  aere  hydrogen  C3mnide  and  n-butyl 
tidflxioroacetate.  They  irere  identified  by  fSractionatlon. 

Reaction  aith  an  eqTiivalent  amount  of  alcohol — The  above 
procedtao  aas  en^loyed  for  the  reacticm  of  trifluoroacetyl  cyanide 
dimer  aith  an  equivalent  amount  of  nrbutyl  alcohol.  Upon  fraction- 
ation, only  hydrogen  cyanide,  n-butyi  trifltzoroacetate,  and  tri- 
fluoroacetyl cyanide  dimer  aere  obtained. 

Reaction  aith  an  equivalent  amount  of  trifluoroacetic  acid — 
The  above  procedure  aas  enployed  fen*  the  reaction  of  trifluoroacetyl 
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e3ranide  diner  irith  an  equivalent  amount  of  trifluoroacetie  acid. 

The  only  products  obtained  irere  hydrogen  cyanide^  the  acid  anhydride, 
and  the  cyanide  dimer* 

Reaction  iiith  silver  or  mercuric  fluorlde—Trifluoroa  cetyl 
cyanide  dimer  was  added  to  an  excess  of  dry  silver  or  mercuric 
fluoride.  Ctaly  one  volatile  product  was  obtained.  This  was  identi- 
fied by  molecular  weight  calculations  fjrora  vapor  densi'ty  measure- 
ments as  trifluoroacetyl  fluoride. 

« -hydroxyalkforylmalonamides 
< -hydroxyB^thforylmalonamlde — 22g.  (0,09  mole)  of  tri- 
fluoroacetyl cyanide  dimer  was  added  to  ^0  ml.  of  cold  concentrated 
hjrdrochlorio  acid  in  a 2$0  ml,  Srleraaeyer  flask.  The  flask  was 
stoppered,  placed  in  an  ice  bath,  and  allowed  to  stand  oveimight. 

The  white  crystalline  precipitate  that  formed  was  broken  up  with  a 
glass  rod  and  ^ ml.  of  cold  water  added.  The  mixture  was  cooled 
in  an  ice  bath  and  then  filtered.  The  white  crystals  were  washed 
several  times  with  water  and  dried.  The  yield  of  crude  product 
■*^8  7»3  g«  (O.OU  mole).  Two  recrystallizations  tr<m  benzene 
afforded  pure  -hyxiraxymethforylmalonamide  in  the  form  of  white 
needles,  m.p.  150-51°C. 

CF3C(OH)(CONH2)2 
^ -hydroxymethforylmalonamide 
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After  filtering  the  acid  solution  fron  the  above^  it  'ims 
extracted  nith  ether,  the  ether  removed,  and  the  residue  fraction- 
ated from  an  equivalent  volume  of  concentrated  sulfuric  acid.  This 
gave  3*6  g*  (0.Q3  mole)  of  trifluoroacetio  acid. 

The  other  members  of  the  liydrcacyalkforylmaloiiamlde  series 
were  px*epared  by  the  same  procedure*  The  cmnpounds  are  summaarised 
in  Table  IV. 

Reaction  with  sodium  ethoxide— -A  solutioi^  formed  by  artrti 
0.1  g,  of  sodium  to  10  ml.  of  9^%  ethanol,  iras  added  to  a solutieai 
of  1.0  gram  of  «■  -hydroxymethforylmalonamide  in  10  ml,  of  9^^ 
ethanol.  A ahite  precipitate  formed  immediately,  Ihis  iras  irashed 
several  times  irLth  irarra  ethanol  and  dried.  The  salt  was  readily 
soluble  in  water  and  gave  a strongly  alkaline  solution.  Acidifi- 
cation of  this  solution  retinmed  the  original  ^ -hydroxymethforyl- 
maltmandde. 

The  sodium  salts  of  the  other  malonamides  were  pirepared  by 
the  sane  prooedmre.  A sunmiary  of  these  oosqxninds  is  presented  in 
Table  V. 

Analysis — Sodium  was  determined  by  Idle  Zinc  Wranyl  Acetate 

method. 

Reaction  with  mercuric  oxide — 0.11  g,  of  «.  -l:ydroxy- 
methforylmalonamidB  was  dissolved  in  10  ml,  of  ethanol.  About 
0.2  g,  of  red  mercuric  oxide  was  added  and  the  solution  refluxed 
for  30  udnutes.  The  hot  solution  was  then  filtered  and  the  alcohol 
evaporated  on  a steam  bath.  The  glass-like  product  was  pulverized. 
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leached  several  times  nith  hot  irater^  and  dried.  The  yield  of  pure 
product,  m.p.  212-l^C.  (dec.),  -was  O.lU  g.  The  merciay  congjound 
iras  soluble  in  hot  alcohol  and  ethyl  ether;  insoluble  in  aater. 

Analysis — The  meroioy  analysis  'sas  perfonned  according  to 
the  procedure  of  Rauscher. 

The  mercury  conapotmds  of  other  -hydroacyalkf orylmalonainldes 

irere  prepared  by  the  sane  procedure.  They  are  summarized  in  Table  VI. 

Reaction  aith  aqueous  sodium  hydroxide — To  5 g*  of  -l^dro3^ 
methforylmalonamlde  was  added  30  ml.  of  30%  aqueous  sodium  hydroxide 
solution  in  an  apparatus  similar  to  that  used  for  Kjeldahl  nitrogen 
determination.  The  mixture  mas  allowed  to  stand  overni^it  with  the 
tip  of  the  receiving  condenser  inmeirsed  in  2$  ml.  of  standard  hydro- 
chloric acid.  The  solution  was  then  steam  distilled  until  the  total 
voltne  in  the  receiving  flask  was  1^0  ml.  This  was  titrated  with 
standaird  sodiua  hydroxide  using  methyl  red  indicator.  The  results 
indicated  1.86  equivalents  of  ann&onia  for  each  equivalent  of 
-hydroxmethforylmalonamide. 

After  steam  distillation,  the  alkaline  residue  was  acidified 
with  sulfuric  acid.  The  carbon  dioxide  that  evolved  was  passed 
through  a calcium  chloride  drying  tube  and  collected  in  a l^-t\d)e 
containing  Ascarite.  The  weight  of  carbon  dioxide  corresponded  to 
approximately  one  equivalent  of  the  original  amount  of  amide. 

The  acidic  soltttion  from  above  was  extracted  with  three 

20  ml.  portions  of  ethyl  ether  and  the  ether  removed.  The  colorless 

liquid  that  remained  was  very  acid  to  pH  paper  and  soluble  in  water. 

It  was  not  identified  further. 
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Sodiiao  salts  of  the  merctiry  derivatives  of  oc.  -hsrdroajjr- 
alkforylinaloiiainidos---A  solution  of  about  0.1  g.  of  the  mercury 
derivative  of  « -hy'tirojqyiaethfoiylmalonamide  in  10  ml,  of  hot 
etiianol  iras  added  to  a hot  solution  made  by  adding  about  0,1  g,  of 
sodium  to  10  ml,  of  ethanol,  A precipitate  fomed  almost  at 
once.  This  was  filtered  and  the  idiite  precipitate  ireshed  several 
times  eith  hot  ethanol. 

The  sodium  salts  of  the  other  mercury  derivatives  were  pre- 
pared by  this  same  method.  The  coinpoussds  are  susniarized  in 
Table  VH. 

Analysis — Mercury  was  determined  by  the  method  mentioned 
previously.  Sodium  was  calculated  by  dissolving  the  salt  in  water 
and  titrating  with  standard  hydrochloric  acid  uslxig  methyl  red 
indicator. 

Mercury  Derivatives  of  Fluorocarbon  Amides 
Mercury  trifliioroacetamide~-About  0,1  g,  of  trifltioro- 
aoetandde  and  0.2  g,  of  red  mei^tiric  ooEide  were  placed  in  an  8-inoh 
test  tube.  This  was  heated  by  an  oil  bath  to  1^70°C,  fw  five 
mimites.  The  mixture  was  then  cooled,  taken  np  in  hot  ethanol,  aiai 
filtered.  The  ethanol  was  removed  on  a steam  bath.  TOie  yield  of 
pure,  Tdilte,  granular  product  was  about  0,1  g.,  m.p,  222°C,  (dec.). 
Analysis— Mercury  was  determined  by  the  method  mentioned 
previouslyj  nitrogen  by  Kjeldahl. 
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The  mercury  derivatives  of  other  fluorocarbon  amides  "were 
prepared  by  this  same  method.  They  are  summarized  in  Table  VIH. 

Fluorocarbon  Acid  Thiocyanates 

Trifluoroacetyl  thiocyanate— Approximately  0*05  mole  of 
■fcrifluoroacetyl  chloride  aas  transferred  to  a heavy-iwall  pyrex  glass 
vial  containing  13,3  g»  (0.08  mole)  of  dry  silver  thiocyanate,  !Hie 
vial  tias  sealed  and  placed  in  a water  bath  for  two  days  with  the 
teno»rature  maintained  at  60-80°C,  The  vial  was  then  cooled  in 
liquid  air,  opened  and  attached  to  a vacuum  manifold  system,  «nd 
the  liquid  contents  transferred  to  another  vial.  The  second  vial 
was  removed  from  the  manifold  system  and  the  contents  transfensd  to 
a small  fractionating  ajqjaratus,  avoiding  as  much  as  possible  con- 
tact with  atmosidieric  moisture.  The  product  was  then  fractionated. 
The  yield  of  colorless,  mobile  liquid,  b.p.  72-U®C.,  was  U.8  g. 

(0,03  mole). 

The  other  compounds  of  this  series  were  prepared  by  the  same 
procedure.  They  are  stimmarlzed  in  Table  IX. 

Analysis— The  analyses  of  these  compounds  were  performed  by 
the  Parr  bomb  gravimetric  analysis  for  sulfur.  The  ®>lecular 
weights  were  calculated  from  vapor  density  measurements  by  the 
method  described  previously. 

Reaction  with  water— Abotit  U ml*  of  trifluoroacetyl  thio- 
cyanate Tras  added  to  ml,  of  distilled  water.  A vigorous  reaction 
took  place.  Upon  cooling,  the  ®jiall  amoimt  of  yellow  precipitate 
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that  fonaed  iras  filtered,  irashed  several  times  elth  vater,  and  dried. 
Sodium  fusion  of  this  substance  gave  a positive  qualitative  test  for 
sulfur  and  nitrogen;  negative  for  fluoride.  It  was  assumed  to  be 
polymeric  thlocyanlc  acid. 

The  filtrate  from  above  gave  a blood  red  color  with  the 
addition  of  ferric  ion.  The  filtrate  was  extracted  with  three  ^ ml. 
portions  of  ethyl  ether,  the  ether  removed,  and  the  residue  fWiction- 
ated  fWra  an  equivalent  volume  of  concentrated  sulfuric  acid.  Tri- 
fluoroacetlc  acid  was  the  only  product  recovered. 

Reaction  with  alcohol— !nie  fluorocarbon  acid  thiocyanates 
reacted  with  ethanol  and  n~bTztyl  alcohol  to  give  the  corresponding 
ester  plus  polymeric  thlocyanlc  acid.  The  esters  were  identified  by 
fractionation  from  the  reaction  inixtiae. 

Acetyl  Cyanide 

Acetyl  cyanide — This  compound  was  prepared  the  reaction 
of  acetyl  chloride  and  dry  silver  chloride  according  to  the  pro- 
cedure of  Hubner.® 

Acetyl  Cyanide  Dimer 

Acetyl  cyanide  dimer  was  prepared  by  allowing  acetyl  chloride 
and  silver  cyanide  to  react  in  a sealed  glass  vial  for  a period  of 
two  weeks  with  the  temperature  maintained  at  8^90®G.  The  vial  was 
cooled,  opened,  and  the  contents  extracted  with  ethyl  ether.  The 
ether  was  removed  and  the  residue  fl*actionated*  Pure  acetyl  cyanide 
dimer  was  obtained  fixm  the  210-lii°C.  fraction.  Ihe  colorless  liipiid 
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solidified  irhen  cooled  and  nas  recrystallized  twice  traa  50^  ethanol- 
water  mixture*  The  yield  of  colorless  plates,  m*p*  69®C.,  was  about 

Acetyl  Thiocyanate 

Acetyl  thiocyanate  was  prepared  the  reaction  of  acetyl 
chloride  and  dry  silver  thiocyanate  in  a sealed  tube.  Ths  pro- 
cedure employed  was  identical  to  that  used  for  the  flnorocarbon 
analogue. 

Infrared  Spectra 

The  instnaaent  utilized  for  the  infirared  absorption  data  was 
a Perkln-ELmer  Model  21  double— beam  infrai*ed  spectrophotometer* 

For  pure  acetyl  thiocyanate,  a demountable  cell  consisting 
of  two  salt  plates  pressed  together  over  the  liquid  was  used*  The 
coll  was  approxiiwttely  0.100  mm*  thick*  For  acetyl  cyanide  dimer, 
a solution  of  the  organic  compound  in  carbon  tetrachloride  was  used 
in  the  same  cell*  For  all  other  coapounds,  a gas  cell  ^*0  on*  thick 
was  vised.  TIm  pressixre  of  the  vapor  in  the  cell  vras  sli^tly  less 
than  the  vapor  pressure  of  the  ^cific  compound  used*  The  tempera- 
ture was  approximately  25°C*  for  all  recordings* 

In  Table  X three  sigztLficanb  infrared  absorption  regions  of 
the  organic  and  fluorocarbon  acid  cyandde  compounds  are  presented  in 
tabular  form*  Band  A is  thought  to  be  associated  with  an  ester 
oxygen-carbon  bond  type. 


TABLE  X 

Characteristic  Infrared  Abswptlon  Reglone  of  Fluorocari>on  and  Ofc»ganlc  Acid  CyanldsB 
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Table  XI  idiowB  three  oharacterlerblo  Infirared  absorption 
regions  of  the  fltaorocartxm  and  organLo  acid  thioogranate  oooqxjiaids. 
Bands  B and  C am  thou^it  to  be  associated  irith  the  acid  thio- 
cyanate groiQ)  of  these  conqpounds. 
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DISCUSSION 


Organic  Carboxylic  Acid  Cyanide  MonCTBera 


Organic  carboxylic  acid  cyanide  monomers  hare  been  known  for 
many  years,  but  have  received  very  little  experimental  investigation. 
Actually,  the  investigations  have  been  almost  exclusively  confined 
to  methods  of  their  preparation.  This  is  partly  understandable 
because  a satisfactory  method  of  preparation  depends  largely  on  the 
specific  acid  cyanide  desired.  The  following  equations  represent 
satisfactory  methods  for  the  specific  compounds  indicated: 


All  of  these  reactions  are  accompanied  by  some  degree  of  polymeri- 
zation. The  satisfactory  methods  are  those  least  effected  by 
polymerization . 


monomer.  This  is  indicated  in  Table  lU  for  the  first  member  of  the 
series. 


sealed  tube 


0 


0 


CH30-C6H^-COCN  * pyHCl  , 


The  vapor  of  these  ccnnpo'ands  exists,  for  the  most  part,  as  a 
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The  Imported  chemioal  properties  are  fee  In  nunber.  They 
react  eith  eater  and  alcohols  to  yield  respectively  the  parent  acid 
or  ester  plus  hydrogen  cyanide^  and  they  are  hydrolysed  eith  con- 
centrated h3rdrochloric  acid  according  to  the  foUceing  equations 

0 0 0 0 0 
2CH3C-CN  + con.HCl  — ^ CH^C-C-OH  + Ci^O-C-HHg. 

27 

yihitmore  ' has  stiggested  a possible  mechanism  for  this  reaction. 
Hoeever^  the  mechanism  lacks  the  support  of  experin^ntal  evidence. 

Organic  Carboxylic  Acid  Cyanide  Dimers 

Dimers  of  the  allidiatio  compounds  have  been  obtained  from 
the  polymeric  mixtinres  mentioned  above.  Ot^er  methods  of  prepara- 
tion can  be  summarized  in  the  foUasrlng  equations! 

(.)  U(CH3C0)j0  * HON 

(CH3C0CN)2  + 2CH3COOH 

Q Of)  Tb 

(b)  2CH3COCH  (CH3C0CN)2 

(c)  CH2CO  + HCN  (CH3C0CN)2 

The  structure  of  the  dimer  has  been  studied  by  Brunner  ^ 
and  is  based  on  the  products  obtained  by  hydirolyeis  with  concen- 
trated hydrochloric  acid.  His  results  can  be  expressed  in  the 
foUoeing  equation! 

0 con. 

" , N HCl  , w . 

CH^C-0-C(CN)2CH2  CHjCOOH  + CHjC(CH)(COOH)2  . 
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Fluorocarbon  Carboxylic  Acid  Cyanide  Djnera 

AttenqTta  aere  made  to  prepare  Huorocarbon  acid  cyanide 
ccm^unds  by  a rariety  of  methoda.  These  included: 

(a)  Ibe  reaction  of  a fXiiorooarbon  carboxylic  acid  chloride 
and  silver  cyanide  in  a sealed  txdw^ 

(b)  The  reaction  of  a fluorocarbon  acid  chloride,  bromide, 
or  iodide  aith  cxqnrous  c^ranide  in  a sealed  tube  or  under  reflux^ 

(c)  The  reaction  of  a fltiorwjarbon  acid  chloride  or  bromide 
aith  hydrogen  cyanide  in  an  ether  solution,  xising  pyridine  as  a 
catalyst; 

(d)  The  reaction  of  a fluorocarbon  acid  anl^dride  aith 
hydrogen  cyanide  in  a sealed  tube  or  under  reflux, 

(e)  ^y  passing  a fluorocarbon  acid  chloride  through  a hot 
tube  containing  silver,  otqprous,  cupric,  mercuric,  sodium,  or 
potassimn  cyanide  at  presstiros  beloa  atmospheric. 

Method  (a)  aas  the  only  one  from  ahioh  a pr<Miuct  other  than 
starting  materials  aas  recovered. 

Vapor  density  measurements  indicate  that  these  c<m^>ounds 
exist  as  dimers  of  the  simple  formula.  That  there  is  no  eqid.- 
librium  aith  a nranomer  is  indicated  in  Table  II, 

The  ch^nical  properties  investigated  can  be  summarised  by 
the  foUoaing  equations: 

1.  (CF^CXH)2  ^ 2CF3COOH  ♦ 2HCN 
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2.  (CF3C0CN)2  + 2BuOH  — ^ 2CF3C(XBu  + 2HCN 

3,  (GF3C0CN)2  + HOT  — (CF^C0)20  * 2HCN 

li.  (CF3C0CN)2  + BuOT  — ► CF3COOBu+1/2(CF3COCN)2+  HCN 

S.  (GF3C0CN)2+  GF3GOOT  — ► (GF3C0)20  + 1/2(CF3C0CM)^+  HCN 


6.  (GF3G0CN)2  + AgF ► 2GF3GOP  + AgCN 

7.  (GF3C0CM)2  + HgF2  ► 2CF^CW  + Hg(GH)2 

8.  (GF3G0GN)2  + con.HGl  — *•  CF3GOOT  ♦ CF3C(OT)(G0HH2)2  • 

The  first  five  equations  are  consistent  irlth  either  of  the 
following  two  structxnresi 


For  structure  I,  tdie  reactions  cotiLd  represent  slaq^e  replacements. 

Structure  H requires  hypothetical  intermediates  not  uncosnon  to 

mechanistic  pictttres.  For  exaa^e} 

0 0 

ii  I) 

GF3C-CW3(CM)2GF3  + BuOT  — ► C5F3G-CBU 


0 

GF3C-0-C(GH)2GF3  . 


I 


II 


I 


l/2(GF^G0GN)g 
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The  trlfluoroacetyl  eyenlde  monomer  ims  not  detected  in  aiQr 
reactl(»i8  from  iihieh  it  irould  be  expected.  This  stiggeets  that  if 
formed,  it’  undergoes  a rapid  dimerization. 

Reactions  6 and  7 are  also  consistent  eith  both  structtcres 
I and  II.  Hoiraver,  in  using  structusre  H an  unstable  intermediate 
has  to  be  asstoaedt 


0 

CF2C-0-C(CN)2CF^  ♦ AgF— ► 


CF, 


0 

iC-CV-CF. 


2CF3 


.] 


0 ’ 
2CF3^F 


+ AgCN 


That  this  intermediate  irould  be  unstable  is  in  agremnent  sith  the 


fact  that  no  hydrogen  fj;^  fluorocarbon  ester  has  ever  been  imported. 

Reaction  8 decidedly  favors  structtzre  II  if  it  is  assumed 
that  the  cyanide  groups  are  hydrolyzed  directly  to  amide  groiqw 
without  a carbon-carbon  bond  ruptiire}  and  furth^*,  that  the  ester 
link  is  brcdcen  in  the  usual  manner.  However^  it  should  be  kept  in 
mind  that  these  reactions,  as  irith  other  ohendoal  reactions,  do  not 
necessarily  constitute  a proof  of  structure. 


Ht^dr’oxyalkforylmalonamides 

A significant  difference  between  the  organic  and  fluoro- 
carbon acid  cyanide  dimers  is  shown  by  Iqrdrolysis  with  concentrated 
hydrochloric  acid. 

(CH3C0CN)2  + con.HCl  — ^ CH3C(Xffl  + CH3C(C»I)(C0CH)2 
(CF^C0CN)2  + con.HCl  — CF^CCKM  + C¥^C{(M)(C(m2)2 
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This  can  be  explained  onJy  partially  by  the  fact  that  fluorocarbon 
amides  are  slightly  acidic  and  aliphatic  organic  amides  are  either 
neutral  or  slightly  basic*  The  in^^lioatlon  being  that  fluorocarbon 
amides  are  less  susceptible  to  acid  hydrolysis. 

It  eas  found  that  ^hydrosqralJcfoxyljnaloiumides  gave  two 
equivalents  of  ammonia  when  treated  with  strong  aqueous  sodium 
lydroxide.  Acidification  of  'Uie  basic  solution  gave  one  equivaloit 
of  carbon  dioxide.  Flrom  an  ether  extraction  of  the  acicdc  solution, 
a colorless  liq\dd  was  obtained.  This  liquid  did  not  contain 
nitrogen,  was  soluble  in  water,  and  acid  to  pH  paper.  Further 
attempts  to  purify  and  identify  this  liquid  were  tmsiioeessful.  It 
is  presumed  to  be  sane  form  of  an  -hydbrory  acid,  corresponding 
to  the  expected  product  of  a typical  malonic  acid  decarboxylation. 

The  ^ -hydroxyalkforylraalonamideB  react  readily  with  sodium 
ethoxide  to  fozm  a sodium  salt.  It  is  suggested  that  the  sodiTxa  i<m 
is  associated  with  the  oxygen  of  the  hydroayl  groiq>  rather  than  with 
either  of  the  amide  grotq>8.  This  is  based  partly  on  the  fact  that 
attempts  to  prepare  a sodium  salt  of  other  fluorocarbon  amides  by 
this  method  wew  unsuccessful,  and  also  on  the  behavior  of  the 
mercTury  derivatives.  The  sij!^le  ionic  structiire  can  be  represented 
as  follows! 

Oriii+ 

CP^C(C0NH2)2 


1*0 


ITie  « -hydroxyalkfarylmalonaBiidos  react  nith  mercuric  oxide 
to  fora  a mercury  derivative.  The  analysis  of  both  nitrogen  and 
mercury  indicates  a ratio  of  two  molecules  of  the  diandde  to  each 
atom  of  mercury.  This  is  not  characteristic  of  the  mercury  deriva- 
tives of  other  diamides.  For  exaugjle,  Menschulkin  has  reported 
that  Buccinamide  has  a ratio  of  one  amide  molecule  to  one  mercury 
atom. 

ItaUc  and  Bitel  * ' prepared  two  different  mercury  deriva- 

tives of  malonamide.  They  reported  the  following  structures  i 

Hg-OH  Hg 

I II 

NH2OC-C-CONH2  NH20CM)-C0NH2 

HgOic 

I II 

I was  prepared  by  the  action  of  raercTadlc  acetatej  H,  mercuric 
chloride.  Although  their  studies  were  primarily  cozxsemsd  with  the 
utilization  of  an  active  methylene  gx*otq>  for  carbon-iuercury  bond 
formation,  it  is  of  considerable  interest  that  they  reported  no 
detecticm  of  a nitrogenr-mercury  bond.  Since  an  active  methylene 
group  is  quite  impossible  in  fluorocarbon  ooBQxninds,  this  helps  to 
exfdain  the  difference  of  tiie  ratio  of  diamide  molecules  to  mercury 
in  organic  and  fluorocarbon  conpounds. 

All  of  these  mercury  derivatives  were  prepared  by  refluxing 
an  ethanol  solution  of  the  amide  with  red  merctiric  oxide  for  about 


la 


30  ndniites.  It  is  of  interest  to  report  that  if  the  reaction  time 
eas  reduced  to  three  or  four  minutes^  a small  amount  of  a mater 
soltible  mercury  compound  mas  isolated  mhich  had  a ratio  of  one 
diandde  moleooae  to  one  atom  of  meretoy.  This  is  presumably  an  inter- 
mediate mereuri  hjrdroxide  conpound.  It  mas  not  investigated  further. 

By  reflttxing  the  meroury  derivatives  mlth  aqueous  potassion 
iodide^  mercuric  iodide  and  the  original  amide  mere  recovered. 

That  the  hydroacyl  garoips  of  the  meircury  derivatives  are 
available  for  chemical  reactitm  la  Indicated  by  the  formation  of  a 
disodim  salt  of  the  mearoury  derivatives.  The  rratio  of  sodium  to 
mexmoy  is  tmo  to  one.  The  salt  is  soluble  in  mater  and  forms  a 
starcaigly  basic  solution.  Acidification  of  this  solution  in«eipltates 
the  original  mearcury  derivative. 

Organic  Caarfaoacyllc  Acid  "Thiocyanates" 

The  term  "thiocyanate",  as  applied  to  these  cosqpoaitads  is 
used  in  a generic  or  descriptive  sense,  consistent  mith  the  mode  of 
preparation.  Ccmqplete  evidence  is  lacking  to  dlstinguiah  betmeen  a 
tarue  thiocyanate  or  isothloeyaxiate  staructaae. 

Organic  carboacyllc  acid  thiocyanates  are  obtained  by  the 
reaction  of  an  acid  chloride  mith  lead  thiocyanate.  This  reaction 
mas  first  reported  by  laquel.^  Siabseqaient  studies  gave  a rather 
good  picture  of  their  chemical  prepearties.  However,  for  the  most 
paart,  these  studies  mere  stimulated  by  the  concern  of  proving  the 
eacact  staructaare  of  the  acid  thiocyaraate  greup. 
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Hawthorn  ^ first  qttestloned  the  thioc3ranate  structxjre  on 
the  basis  of  Molar  refjraction.  He  assigned  an  eapirioal  value  to 
the  thiocyanate  and  isothiooyanate  gi*oT^s  and  then  calcxilated  the 
Molar  refractions  of  several  acid  "thiocyanates”.  His  resoilts 
suggested  strongly  an  isothioc3ranate  structure.  However,  he  could 
not  resolve  this  with  the  fact  that  tqpon  hydrolysis  with  water  or 
alcohol,  the  conqpounds  gave  the  parent  acid  or  ester  |^us  thio~ 
cyanic  acid. 

Dixon  and  Taylor  ^ investigated  the  xeaction  of  these  ocsr- 
pounds  with  diphenylandne  and  aniline  with  diphenylandne,  the  results 
ii^oated  an  isothiocyanate  structure.  This  can  bo  shown  in  the 
following  equations! 

0 S 

GH3C0<SCN)  ♦ (0^5)2® CH3C-N-C--N(C^^)2 

H 

OS  0 

i‘  I . . distil.  II 

CH3C-N-0-N(C^H^)2 ► Cm3G(SCN)  1-  (G^^>2l® 

H 

OS  0 s 

I)  i>  ^ NaCH  II  II 

GH3G-^C-M(G^H^)2 »-  CH^O-ONa  + (G^H^)2M-C-NH2  . 

H 

However,  th^  found  that  the  reaction  with  aniline,  in  boiling 
Xylene,  gave  aniline  thiocyanate  and  good  yields  of  N-acetyl- 
N'-phenylthiocarbanddoj  but,  at  -10®G.  gave  95/?  aniline  thiocyanate 
and  only  traces  of  the  thlocarbandde.  Intermediate  teaperatures 


g«re  ai^nroximately  eqtdvalent  antoutrbs  of  these  prodttcts*  The  oon-> 
olxtslon  novld  be,  then,  that  these  cooqpounds  are  neither  tree  thlo- 
(^Tmnates  or  IsothlooTanates*  Their  oheodoal  behavior  is  not  (toter~ 
mined  by  any  inherent  featxsre  of  their  structure,  but  dependent  on 
external  fosroes* 

Fluorocarbon  Carfaoaqrlic  Acid  "Thiocyanates" 

Fluorocarbon  oarboxylio  acid  chlorides  react  with  dry  silver 
thiocyanate  in  a sealed  tiibe  to  give  excellent  yields  of  the  fluoro- 
carbon acid  "thiocyanate"  compounds.  Ckily  poor  yields  were  obtained 
idien  Tzsing  lead  thiocyanate  in  either  a sealed  tribe  or  under  reflux 
in  a bensens  solution. 

The  compounds  are  more  stable  than  their  organic  analogue. 
This  is  based  on  Idle  observation  that  freshly  prepared  saiiples 
showed  vexy  little  signs  of  decomposition  after  several  weeks  in  a 
sealed  glass  vial.  The  (nrganic  ooEopounds,  on  the  other  hand,  shewed 
signs  of  decomposition  after  c»ily  a few  days. 

The  molecular  weights  of  both  the  fluorocarbon  and  organio 
compounds,  calculated  from  vapor  density  measuraasnts,  indloates 
that  the  vapor  is  monomeric.  Cheadoally,  they  react  vigorously 
with  water  and  alcohols  to  yield  respectively  the  parent  acid  or 
ester  plus  thioc3ranio  acid. 

Infrared  Absorption 

The  inflared  absorption  data  of  the  organio  and  fluorocarbon 
cyanide  compounds  offer  a qualatative  clue  as  to  their  structure. 
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The  orgaiilc  monomer  and  dimer  have  two  z^dily  identifiable 
absorption  regions  in  common.  These  are  the  carbon-nitrogen  triple 
bond  of  the  cyanide  groi^)  and  the  carbonyl  grotqp.  The  former  occurs 
at  about  ndercms}  the  latter « at  about  ^,6  microns.  In  addition, 
the  organic  diner  has  a moderately  strong  absorption  peak  at  about 
9.1^  microns.  That  this  was  not  due  to  being  in  the  carbon  tetra- 
chloride solution  was  verified  when  the  same  band  appeared  in  a I^jol 
Mull  of  this  caEQx>und.  It  is  quite  probable  that  this  peak  le 
associated  with  an  ester  oxygen  bond.  It  is  in  the  region  associated 
with  such  bonds.  However,  no  information  was  found  in  the  literatusre 
0(»eeming  an  ester  type  comparable  with  the  siiggested  structure  of 
the  organic  dimsr.  The  fluorocarbon  dimers  also  have  an  absorpticm 
in  this  viclnitqr,  occurring  at  about  9.00  microns  for  the  first 
meiriber  of  the  series.  Ihey  also  have  a carbon-nitr<^en  triple  bond 
absorption  at  U.U  microns  and  a carbo^jrl  absorption  at  nderons. 
It  is  of  interest  to  note  that  the  shift  to  a shorter  wavelength  for 
each  of  these  bands  of  the  fluorocarbon  compounds  is  of  the  same 
order  of  magnitude. 

Iho  fluorooarb(m  and  organic  acid  "thiocyanates”  have  three 
significant  absorption  regions  in  common.  For  the  organic  compound, 
they  appear  at  about  and  6.60  nderons.  Ihe  fluorocarbon 

compoimds  have  these  bands  at  about  ^*1,  ^*6,  and  6.5  microns.  The 
second  band  of  each  is  undoubtedly  that  due  to  the  carbonyl  group. 
However,  the  very  strong  absorption  in  the  vicinity  of  5 microns  is 


quite  an  untisual  location.  Although  the  spectra  of  many  sulfur  com- 
pounds have  been  reported,  a search  of  the  literature  revealed  no 
con^unds,  thiocyanate,  or  Isothlocsranate  for  idiich  an  infrared 
absorptlcm  had  been  reported  for  the  5»0  micron  region}  or  for  that 
matter,  any  other  compound  containing  sulfur.  It  aas  thus  necessary 
to  prepare  and  determlt»  the  absorption  spectra  of  acetyl  thiocyanate 
for  comparative  purposes.  However,  one  thing  is  clear:  TOwtever 
may  be  the  exact  structure  of  the  acid  "thiocyanate"  grcnxp,  the 
inftared  spectra  strongly  suggests  that  the  structures  of  the  fluoro- 
carbon and  organic  compounds  are  the  same. 
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The  preparation  and  some  of  the  chemical  and  idiyslcal 
properties  of  twenfcjr-fonr  previously  lanwported  flxiorocarton  com- 
pounds Is  presented.  These  con^unds  represent  eight  distinct 
molecttlar  species.  They  can  be  sunmarlzed  as  foUonrat 

1,  A series  of  flxiorocarbon  carboxylic  add  cyanide  dimers 
sere  pzepazed  and  some  of  their  chemical  and  physical  properties 
determined.  These  compounds  are  believed  to  have  the  following 
atructtaei 

0 

II 

R-0-0-C(CM)2R  . 

The  specific  compounds  prepared  sere  for  R equals i CF^-,  CF2CF2-, 
CF^CFgCFg-,  and  CF^CCFg)^-.  On  the  basis  of  molecular  weight, 
calculated  ftrom  vapor  density  measxa*ements  at  constant  tengierature 
and  variable  pressures.  It  was  determined  that  the  vapor  dimer  Is 
not  in  equilibrium  with  a significant  concentration  of  a mononrer. 
Also,  the  mononer  was  not  obtali»d  by  \udng  a variety  of  preparative 
methods  fj?om  which  It  might  be  expected.  It  is  suggested  that  either 
the  mononer  of  this  species  Is  not  formed  or  that  It  arapldly 
dlmsrlses.  This  Is  In  sharp  contrast  to  the  organic  analogues,  the 
monomer  and  dimer  of  which  are  both  known  and  convertible  one  into 
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the  other.  In  addition^  the  reaction  of  glutarforyl  chloride  irith 
sHrer  cyanide  gave  only  an  lualdentlfled  solid  mass. 

On  the  basis  of  the  chemical  reactions  investigated  and  the 
infj^ared  absorption  data  evidence  is  presented  in  support  of  a 
structure  for  the  dimer.  Biis  structiipe  is  given  above.  If  this 
is  the  structure,  the  reaction  vith  silver  and  mercuxdc  fluori<te  is 
additional  evidence  to  siipport  the  theory  that  a hydr^en  free  fluoro- 
cazbon  ester  is  either  imstable  and  rearxwiges  spmtaneously  to  two 
molecules  of  the  fluorocazbon  acid  fluoride  or  that  it  cannot  be 
formed. 

2#  A series  of  -l^rdroxyalkforylmalonamides  were  prepared 
and  some  of  their  physical  and  cheodoal  propezbies  detemdjzed.  Th«se 
compounds  are  believed  to  have  the  following  structures 

R-C(OH)(CONH2)2  • 

The  specific  caipounds  prepared  were  for  R equals s CF^-,  0F^CF2-, 
CF2CF2CF2-,  and  CP2(CP2)|^-.  It  was  found  that  these  coEpounds 
uraiergo  a typical  malonic  acid  decarboo^lation  when  subjected  to 
alkaline  hydrolysis,  followed  by  acidification.  It  was  determined 
that  the  product  was  a stz^ngly  acidic  fluorine  containing  compound. 

It  is  thought  to  be  some  form  of  an  -hydroxy  fluoerooazbon 
carboxylic  acid. 

3.  A series  of  sodium  salts  of  the  «<.  -hythroxyalkfozyl- 
raalonamides  were  prepared.  These  conpounds  are  believed  to  have 


the  foUoerlng  sln^e  ionic  structure! 


0-m* 
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H-C(C(»iH2)2  • 


The  specific  conpotmds  prepared  wsre  for  R equals*  OF^-,  CFjCF2-, 
and  CF^CF2CF2-*.  Evidence  is  presented  tdiich  indicates  that  the 
sodium  ion  is  associated  nith  the  oxygen  of  the  hydroxy-  grovtp,  A 
search  of  the  available  literature  revealed  that  no  salt  of  an 
analogous  organic  compound  has  been  reported. 

U.  A series  of  mercury  dsilvatives  of  -hydroxyalkforyl- 
malonamides  wez*e  prepazed.  These  compounds  can  be  represented  by 
the  following  formula* 


Tl»  specific  compounds  pr^>ared  -were  for  R equals!  CF^-,  CFjCF2-, 
and  CF^CF2CF2~.  The  analytical  da-ba  indicate  that  there  are  -two 
molecules  of  the  diamide  to  each  atom  of  mercury.  Evidence  is 
presented  which  indicates  that  the  mercury  is  associated  with  the 
amide  group  rather  than  the  hydroxy  group.  The  fact  that  -two  of 
the  malonafflide  molecules  are  associated  with  one  mercury  atom  is  myt 
in  accord  with  the  properties  of  organic  diaaddes. 

However,  the  arrangemenb  of  the  association  is  not  known. 

5*  A series  of  mercury  deri-vatives  of  fluorocazb<m  amides 
were  prepared.  These  conqpounda  can  be  3?ep?e8ented  by  a general 
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foriHulat 

(BCCm)2Hg. 

!Oae  specific  con^xjunds  prepaid  were  for  R equals  t CFj-,  GP^CF2-, 
and  CF^GF2CF2-»  The  analytical  data  indicate  that  there  are  two 
molecules  of  the  amide  to  each  atom  of  mercury,  ^lis  is  similar  to 
the  properties  of  analogous  organic  anddes.  ^ Hoirerver,  in  contrast 
to  their  organic  analogues^  the  iluorocarbon  mercury  derivatires  are 
insoluble  in  water* 

6.  A series  of  sodiim  salts  of  the  mercury  deriratives  of 
the  ^ -hydroxyalkforylmalonamidBs  were  prepared.  These  compounds 
can  be  represented  by  a general  formula: 

[rC(0)(C0IK2)(C0NH^  • 

The  specific  coopounds  prepared  were  for  R equals*  CF^-,  CFJCF2-, 

and  CF^CF2CF2-.  analytical  data  indicate  two  sodium  ions  for 
each  atom  of  mercury.  This  suggests  that  the  sodium  ions  are 
associated  with  the  oxygen  of  the  hydroxyl  groi^.  The  salts  are 
soluble  in  water,  forming  an  alkaline  solution.  Acldifioation  to 
a of  about  6,  precipitates  the  (original  n^rcuxy  coo^tind. 

7*  Glixtarforyl  chloride  was  prepared  and  identified  by 
analysis. 

8.  A series  of  fluorocarbon  acid  "thiocyanates”  were  pre- 
pared and  some  of  their  physical  and  chemical  properties  determined. 
These  conqpounds  can  be  represented  by  the  following  structural 
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formula t 

0 

II 

R-O-(SCN)  . 


The  specific  compounds  prepared  are  for  R equals}  Ofy,  CF^CF2**> 
CFjOFjOFj-.  of  th.  rtrUdng  olodl«Aty  betooen  the 

infrared  spectra  of  these  compounds  and  the  organic  acid 
"thiocyaiiates”,  it  is  concluded  that  the  structures  are  the  saiae. 
Honreyer,  e3q}ez4mental  evidence  is  iiMSonclusive  to  distinguish 
between  a tarue  thiooTanate  or  isotfaiocyanate  structure. 
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